The mathematical equivalence of the time-independent Schrödinger equation and the Helmholtz equation is exploited to provide a novel means of studying universal conductance fluctuations in ballistic chaotic mesoscopic systems using a two-dimensional microwavecavity. The classically chaotic ray trajectories within a suitably-shaped microwave cavity play a role analogous to that of the chaotic dynamics of non-interacting electron transport through a ballistic quantum dot in the absence of thermal fluctuations. The microwave cavity is coupled through two single-mode ports and the effect of non-ideal coupling between the ports and cavity is removed by a previously developed method based on the measured radiation impedance matrix. The Landauer-Büttiker formalism is applied to obtain the conductance of a corresponding mesoscopic quantum dot device. We find good agreement for the probability density functions of the experimentally derived surrogate conductance, as well as its mean and variance, with the theoretical predictions of Brouwer and Beenakker. We also observe a linear relation between the quantum dephasing parameter and the cavity ohmic loss parameter.
it has been possible to fabricate quantum dots with low impurity content where the elastic mean free paths of the enclosed electrons are typically much larger than the physical size of the dot [1] . Electron transport through such "ballistic dots" is governed by elastic collisions off the enclosing potential-well boundaries. It has been observed that the terminal conductance of such dots, defined as arise from quantum-interference effects due to the phase-coherent electron transport within such dots and have been explained using the hypothesis that the fluctuations are governed by random matrix theory [5] . Similar universal conductance fluctuations (UCF) have also been observed in other systems such as quasi-one-dimensional metal wires [6, 7] . In a quantum dot, this phase coherence is partly lost by opening the system to the outside world during the process of measurement of the conductance. Quantum phase decoherence (dephasing) can also be induced due to the presence of impurities within the dot, thermal fluctuations, or electron-electron interactions, all of which lead to more classical properties for electron transport [8] . Significant theoretical and experimental effort has been devoted to studying the dephasing of the transport electrons in quantum dots [9, 10, 11]. One class of theoretical dephasing models utilizes a fictitious "voltage probe" attached to the dot that has a number of modes φ N each with transparency φ Γ . Electrons that enter one of the modes of this probe are reinjected into the dot with a phase that is uncorrelated with their initial phase, and there is no net current through the fictitious probe. An alternative model of electron transport employs a uniform imaginary term in the electron potential [12, 13], leading to loss of probability density with time. It was shown that [14] , as far as the conductance is concerned, these two models yield equivalent predictions in the limit when the number of channels in the dephasing lead . A similar idea exists for describing ohmic losses in the microwave cavity in terms of non-ideally coupled "parasitic channels" [16] . Since the ohmic losses in the microwave cavity are to good approximation uniformly distributed, we can make use of the equivalence of the imaginary potential and voltage leads models mentioned above to relate the de-phasing parameter employed by electron-transport theory [14] to the loss parameter of our microwave cavity ( 
This yields a large-γ asymptotic expression for the mean and variance of G which are predicted to be [14], GHz (stars) ( The microwave cavity under study is a metallic, air-filled, quarter bow-tie shaped chaotic resonator (inset (i) of Fig. 1(a) ) which is quasi-two-dimensional for frequencies below 19.05 GHz. The cavity is driven by two single-mode, coaxial transmission lines whose inner conductor (diameter 2a=1.27mm for Port 1, 2a=0.635mm for Port 2) extends from the top plate of the cavity and makes contact with the bottom plate (inset (ii) of Fig.1(b) ). An ensemble data set of one-hundred similar cavities with different internal field configurations is generated by rotating and translating two metallic perturbations, each of which are roughly the size of a wavelength at 5 GHz (inset (i) of Fig. 1(a) ), within the cavity volume. This approach of configuration averaging to approximate a pure ensemble average is similar in principle to deforming the shape of the potential-well boundary of a quantum dot as performed by [4] although in our case the volume of the system is fixed. In addition to the intrinsic ohmic loss in the cavity, the degree of loss can be further increased in a controlled manner by partially lining the inner side-walls of the cavity with 2 cm-long strips of microwave absorber having uniform spacing. This results in three experimental Loss Cases -Loss Case 0: no absorbing strips, Loss Case 1: 16 absorbing strips, Loss Case 2: 32 absorbing strips. A fourth experimental Loss Case is created by placing the Loss Case 0 cavity in a bath of dry-ice (solid CO 2 at -78.5 o C). This has the effect of slightly increasing the Loss Case 0 cavity Q value (by ~10%). We refer to this case as the "dry-ice case". A more detailed explanation of our experimental setup and data analysis can be found in [18, 20] . For our investigation, we generate a large ensemble of 2x2 cavity scattering matrices ( S t ) for the four loss cases through measurements for different configurations of the perturbers at many frequencies in a range from 3 to 18 GHz (covering ~ 800 modes of the cavity). Using the "radiation impedance" approach [17, 18, 20] (inset (iii) of Fig.1(b) ), the non-ideal coupling details of the two ports are removed to yield an ensemble of normalized 2x2 scattering matrices ( s t . This result can be considered an empirical confirmation of the proposed equivalence of the imaginary potential (uniform volume losses) and de-phasing lead models in the limit considered in [14] . The 1 GHz width of our sliding window was chosen to be large enough to overcome the effects of short-ray paths (which are not removed by only configuration averaging [17, 20] ), but at the same time small enough that the cavity losses can be assumed to be approximately constant over this frequency range. Fig.1(a) is a random matrix Monte-Carlo simulation for values of 〉 〈T γ corresponding to the data set in Fig.1(a) . The red error bars (roughly the size of the symbols) in Fig.1 which are representative of the typical statistical binning error of the experimental histograms show that the agreement between the data (shown by the symbols) and the theoretical predictions (shown by the solid curves) improves as the value of 〉 〈T γ increases. This is to be expected as Eq. (2) is valid only in the high dephasing limit ( 1 >> γ ). Similar good agreement between the data and Eq. (2) is obtained for all of the ~40 data sets that we examined in which the frequency ranges and cavity loss cases resulted in an estimate of the 〉 〈T γ parameter to be greater than ~18. for three representative data sets with 〉 〈T γ ranging from ~56 to ~220. We observe that the three data sets roughly fall on top of each other. The solid blue curve is the theoretical curve, Eq. (2) which is in good agreement with the data. We observe some deviation of the symbols from the theoretical curve near 2 + ≅ x . This is attributed to the lack of adequate statistics in the tails of the experimentally determined histogram approximations to the probability density functions of the conductance. 
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In Fig. 3, we again The results discussed in this paper provide experimental evidence in support of the theoretical arguments proposed by [14] and the hypothesis that random matrix theory provides a good description of the conductance fluctuation statistics in a ballistic chaotic quantum-dot in the presence of dephasing. We have shown that in the "locally weak absorbing limit" as discussed in [14] , the dephasing parameter can be related to the cavity loss parameter.
We have derived an empirical linear relation between γ and the cavity loss-parameter ) /( 2 2 Q k k n Δ based on our experimental data. The finite conductivity of the metallic walls of the cavity translates to a minimum-possible experimentally accessible value of γ ~11 for our experiments (at least for the present cavity geometry and temperatures of -78.5 o C and above). We have shown that our experimentally determined conductance distributions and the asymptotic analytic functional forms for the PDF of G ( ) (G P ), its mean value ( > < G ) and variance ( ) var(G ) are in good agreement over a broad range of large γ values. This also establishes the microwave analog as a method to study detailed theories of non-interacting quantum transport and de-coherence in quantum coherent systems.
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